Introduction
In 1611 John Rolfe obtained from Trinidad and Venezuela the first Nicotiana seeds to be planted in North America. The tobacco plants were gradually extended from Virginia to all parts of the world. For more than 300 years the tobacco industry has been conservative, traditional, and slow to change until the last 10 to 15 years. Many reasons make such changes necessary, the two main ones being the high cost of production, including the extensive use of energy, and the demand for better quality and usability of leaf tobacco, including the smoking and health problem.
Year 1975-Status of Tobacco Production
In 1975 approximately 11.4 billion pounds of leaf tobacco were produced throughout the world. Produc· tion costs vary from country to country because of the demand for energy varying with locality. Flue-cured tobacco is the highest in energy demand per acre per year in comparison with any other crops. For example, in the United States, 20.8 barrels of oil equivalent is needed to produce one acre of tobacco per year in comparison with tomato, 18.4; lettuce, 15.0; potato, 9.6; rice, 8.2; corn silage, 4.1; soybean, 2.0; and wheat, 0.6 barrels of oil per acre per year (1) . Improvement in production efficiency has resulted in this high demand for energy. Thirty yeirs ago approximately 2 million acres of land was used for tobacco production in the United States, but in 1975 there was only 950,000 acres of land used for tobacco production. The total yield 30 years ago in the USA was 2.3 billion pounds, but in 1975 it was 1.9 billion pounds of tobacco. Along with the 50 O/o reduction of land usage, there was almost a 100 Ofo increase in yield per acre. As a result, the total tobacco production remained at approximately the same level. This was made possible because of efficient usage of fertilizer, irrigation, Crop protection, mechanization, and other means. All of these production inputs require energy. The increase in demand for energy makes it necessary either to find a cheaper source of energy, or to make more efficient usage of the tobacco product. In considering other sources of energy, one generally refers to the physical means of collecting and utilizing solar energy. Obviously we are still a long way off in achieving this purpose. The total utilization of energy on earth by human from the solar source is relatively small (2) . According to the world average we use only about 50 ppm of available solar energy that falls on the earth's surface. In the United States the utilization is mudt higher, but still only about 1/10 of one percent of solar energy is being used. Scientists estimate that under favorable conditions of photosyntheMs 3 O/o of the solar energy can be fixed in biomass. "flte biomass production currently is about 100 billion tons of dry weight, but most of it is not effectively utilized (2) . For example, better use of many tobacco components or other energy products could be made than is being done at the present time. Generally, one kilo-calorie {kcal) of energy enters the plant through a photosynthetic system representing approximately 0.26 grams of mass as glucose, but only about 0.12 grams of mass as amino acids. However, most of this mass is wasted in combustion. Scientists must find means to increase the photosynthetic efficiency, and to make more effective use of synthetic products from plants.
How to Make Better Use of All Tobacco Products
As far as tobacco smoking is concerned, the components of leaf tobacco can be divided into three groups. The first group includes components which are desirable for organoleptic and physiological characteristics which are the most important in so far as smoke quality and tobacco usability are concerned. In the second group, the components include "neutral" materials which do not play any significant role in affecting the quality of tobacco smoke. The third group of components contribute, generally, to the undesirable effects of smoke. Both the second and third groups of compounds are •wasted" during combustion and some of these materials are beneficially usable. does not contribute in any significant way to smoke aroma or flavor, but does contribute to the formation of HCN and other undesirable nitrogenous constituents in smoke. If Fraction I protein can be removed from tobacco before combustion, two purposes can be achieved: leaf quality and usability can be improved, and Fraction I protein can be used for human food and/or animal feeds.
The Nature of Fraction I Prot_ein
Fraction I protein is the major soluble protein of green plants. Very frequently 50 Ofo of the soluble and 25 Ofo of the total leaf protein is Fraction I protein. It is the most abundant protein as it is the enzyme that catalyzed the first step in the transformation of C0 2 into car--bohydrates during photosynthesis. In many crops this Fraction I protein has been extensively studied, including spinach, wheat, rice, cabbage, clover, and tobacco. Kawashima and Wildman were the first to crystallize and define the nature of Fraction I protein from tobacco (3, 4) . The crystal protein from tobacco is pure, tasteless, colorless, and odorless. Although it has been suggested that 100 or more pounds of pure Fraction I protein could be obtained from one acre of tobacco under favorable conditions (5), our conservative estimation is that at least 1-2 °/o of tobacco weight or 20-40 pounds per acre of Fraction I protein could be obtained at current tobacco yield levels, and could be much higher with increased tobacco yield and improved extraction method. Fraction I protein is composed entirely of amino acids with no carbohydrates or pigments. It has -a high molecular weight and possesses a very large unit cell. Most of the space in Fraction I protein crystals is occupied by water. This property of the protein to organize water suggests that it can be manufactured in a tasteless gel-like material such as soybean curd which is popularly used as food in many countries. 
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The crystallized material is stable and easy to store. Table 1 shows a comparison of essential amino acids from various materials with the provisional pattern of nutrition as provided by the Food and Agriculture Organization (FAO) of the United Nations (6). It is rather dear that Fraction I protein is quite similar to that of the FAO provisional pattern, and its specific nutritional value is comparable with milk and surpasses that of soybeans (7) .
Homogenized Leaf Curing
Conventional tobacco curing processes do not allow any possibility of removing any components such as those mentioned above. The homogenized leaf curing (HLC) procedure does provide a·n opportunity for changing the chemical and physical properties of the leaf in addition to the saving of labor and time (8) . The first stage of HLC involves homogenization or maseration of the harvested leaf material. As long as the leaf mass is in the slurry form, any fractions which are not desirable or wasted in combustion can be easily removed before incubation and dehydration. Based on the Theoretical Model which we proposed recently, leaf quality and usability may be improved by removal of certain components (9) . One of these removable components is Fraction I protein. The extraction and purification of Fraction I protei.n is rather similar to the crystallization of sugar from sugar-cane or sugar-beets, as illustrated in Figure 1 , which represents the scheme for the crystallization and purification of Fraction I protein (4). At various steps of this process, other components such as alkaloids, lipids, free amino acids, certain carbohydrates, and phenolic compounds may be separated. Some of these compounds can be removed if so desired and others can be returned to the base slurry material prior to incubation and dehydration. This may enhance quality of HLC material subsequently reconstituted into sheet tobacco for smoking (8) .
Potential Use for Fraction I Protein
Our daily consumption of 2,010 kcal of food from plants requires 1320 kcal to grow, produci-ng a net gain of · 690 kcal because the solar energy harvested as food exceeds that needed for production (1). This does not include the 1380 kcal per day of food energy derived from animal sources. The total daily consumption of 3390 kcal is based on North American data, which is much higher than the world average today (1) . Because of the high energy usage for tobacco production, means should be sought to utilize all usable components from the tobacco plant and at the same time to provide a more desirable product for tobacco smoking. In projecting to the year 2000, one may assume that the per capita diet need will remain at the 3390 kcal level. Current tests showed that dose spacing culture can produce 3500 lb. or more tobacco per acre. We project the total production of tobacco in 1985 to be 12. extractable from tobacco at years 1985 and 2000 would be approximately 380 and 600 million lb., respectively. In addition, the mixture of other soluble proteins or Fraction 11 protein amounts to 3-4 Ofo of leaf weight and could be used for human food or animal feed. The Fraction 11 protein may yield additional 380 and 600 million lb. respectively in years 1985 and 2000. Combining Fraction I and Fraction 11 proteins, they may provide, in year 2000, 1.2 billion lb. protein which is sufficient to meet the protein need for 33 million people, based on the FAO standard. The usage of a beneficial by-product of tobacco would justify the use of energy for this expensive crop.
Effect on Tobacco Quality and Usability
The use of homogenized leaf curing has demonstrated drastic changes in tobacco and tobacco smoke, even without the removal of any leaf components. (8) . The nitrogenous fraction of leaf tobacco is known to be associated with many smoke variable$. Table 2 shows correlations among certain nitrogenous fractions in leaf and selected smoke variables. It should be pointed out here that most ~f these associations are indirecdn nature, except that of HCN and possibly some other nitrogenous constituents which are directly associated with leaf nitrogen. The specific relationship between Fraction I protein and smoke components is not yet available, but is expected to be similar to that of other nitrogenous compounds. Reduction of Fraction I protein and other soluble nitrogenous fractions in the leaf by HLC process may correspondingly reduce the formation of many undesirable constituents in smoke, and thus result in a smoking product of better quality and improved usability. Underscored data • R• value closa to or !llgher than 0.5.
• 5 °/o significance.
•• 1 Vo significance.
Looking Toward the Year 2000
Extensive studies are underway to perfect and simPlify the procedures for removal of Fraction I protein during the HLC process (11) . The test materials involve several tobacco types. This novel approach would make tobacco an excellent source of food as well as smoking material. About 35 years ago Albert Einstein asked the question: "Why does the magnificent applied science which saves work and makes life easier bring us so little happiness?". Then he answered the question himself: "Because we have not yet learned to make sensible use of it". We hope that in the year 2000 when we have six billion people to feed, we can make sensible use of Fraction I protein, which otherwise will be literally "going up in smoke". It is indeed a terrible waste of energy and contributes detrimentally to our environment. Some may consider this approad1 to be foolish in comparison with our current practice of tobacco production. To them we can only quote one of the old Chinese philosophers who said: "We are thankful to those fools, they are the only ones who dare to dream of something new and seemingly impossible".
SUMMARY
Fraction I protein is the most abundant protein in tobacco and accounts for 50 Ofo of its soluble protein.
It is composed entirely of amino acids. Its specific nutritional value.is comparable with milk and surpasses that of soybeaO.s. During tobacco combustion, Fraction I protein may contribute to the formation of HCN and other undesirable nitrogenous constituents in smoke. It can be removed from harvested leaf tobacco through homogenized leaf curing {HLC) process to improve leaf quality and usability. Considering the total world tobacco production as a whole, Fraction I protein and other soluble proteins so recovered may provide enough food for millions of people. In addition, there will also be a better smoking product. 
